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Description required torque decreases, the closing point of the ex- 
haust valve is advanced and the bpehing point of the 

BACKGROUND OF THE INVENTION AMD RELATED intake valve is retarded. 

ART STATEMENT ■ ■ • [0005] Among the aforementioned conventional ar- 

) . r v.?- : --."*;""'' ; "-:.."" 5 rangemehts, the external EGR system shown in Japa- 

[00^3 The present invention relates to a four-cycle nese ^ ynexamihed Patent: RUblicatob No: : ^^98^ 

engine fpra motoryehicle designed to useso-called'in- . quires that intake and exhaust systems of the engine be 

temal^exhaust gas redrculatipn (EGR) ih a positive way provided Wh such additional ^faciiities as the external 

; V . by causinp part of already cdrtibusted exhaust gases 16 EGR passage, an EGRyarye and the EG R cooler. While 

't-K:;:'.' remain iri a combi^ph chamber; -V.;! S > i 0 , a specified portion of exhaust to 

; [0002] £Gr^ a p intake passage on a downstream ?ide of 

ln which ^h exhgo^t air ' of a throttle yaivb and re^nt^ 

engih.ear^ char^ 

• part of exr^ust gase? is returnecl. to in^e airj jine systiem; ^ 

through the exte^ to redijce r^trog^h . ^ht^ a >j^h- 

oxides-{Nf^),raside?brf ; sp&e^ra^ 
.. : p ffent Publication N 

. 9as) is Te^n^ ^ 



- - — . ». _ . , _ „ . ^.^t m » ■ Mtw) -. iurv*_ a ii in aur- . -. ■ . . - -"■ JW 

te jnpreased in h^p^^ ;; riQOO^ ^ Ihe^ 



7 - 'N 




re .are- ?s 



f %^^lfesexnaustfl 





• . vinating^ 

' ^'^'^fell^^nP H^^r^^n^u^ibnc^ : . ^exhaUst gas terr^e^ 
• V / ! proving 

:; -r ^l^^C^Ki cbm^ij^tiph 



Jrtcrease the ? rr^ b| werl^p^tween >i : ^1h^,Hig^^ga';r&rigts:^:^K^e o^ni^ Ifid^ib^ l 
°?i^ e ^^y^^|o^*u^^1nt^ v : timing should te rrade adjustable wiMn iiwici^iiii^ ^ 
nal?GRsys^ni.Is usually^ ; rarigeidTheelthls requii^menl a*d this mafe0s1he"feM •• 

ad j^.l?!i^n9 ^^'^^^^g^W^P^be ^ Vstnjction'df.:^ 

inta!ce ; ar^^aust yaly^^e o^Hap p#lbd is increas^,^^^ bp^ ' 




■^^0?^^^^?m^6m^mf- tHe Intake top dead center 

.^^|y3p|^g|!fe|||0O^^ :;$an/ to fortS a'deepjrPc^rt^aji^s^ ' ' 




*;e,jntekf [0008] ^fecloses a'h ajtprn^tive fetir^ 

v^^on.char^ 

specifip lo^pad pp^ a hd v as ; v -^ng ^intake; cornp^sicin^^xbar^ exhaust ' 



EP 1 233 151 B1 



strokes, each stroke being defined as a movement of a 
piston in a single direction between a top dead center 
and a .bottom dead center, whereby a closing point of 
an exhaust valve is set to a point in a latter part of the 
exhaust stroke a specific period before the intake top 
dead center. between the exhaust stroke and the intake 
stroke such that already combusted gases are left in a 
combustion chamber, and an opening point of an intake 
valve is set to a point after the intake, top dead center 
such that the pressure in . the combustibn chamber in- 
creases during a specific period from the latter part of 
the exhaust stroke to the intake top dead center, at least 
in medium- to high-speed ranges at least in mediurn- to 
high-load regions of the engine excluding its maximumr 
load region. 

SUMMARY OF THE INVENTION 

[0009] In view of the foregoing, it Is an object of the 
invention to provide an automotive fourrcycle engine ca- 
"pable of producing sufficient effects of EGR and avoid 
increases in combustion temperature and exhaust gas 
teTnpej^ure^ b^ to ni gH- 

speed high-load ranges. (.^ 

i|pb.1 dj U^fl^ls' is ; adiiieyed. in accordance with the 

0 ^ne #the i^ operating condition 5 . 
4: j d ^tifier for, d^terTTii ni ng • engine operating conditio 
^;b^^ yarye timing 

: jn^ at least the ^(chaust ya)ye ptthb intake valve, and 

J^pof^lle^ to 
' io^Ost lh^ yarye opening and closihg ijtirrtng according 
:Vtp the engine ppSriating cx^ditions^h sych fanner that 
};i ^period frprriihe ciosihgj ppirrtdf the exhaust valve to 
^^ie^e^ yalvev^urihg which the 

; Int^ S^M 1 ^ tobTOme^ long er in the 

^e^io^ Man in |he hig^peed range in 

' • • thfc ^diurfv to ^igh^d r^|0^ when ; 

*>y the op-:; 

•i erring condition .identifier ^ indicate that the engine israt 
: least th the ^^m "• 
■ [0011] i Jn this ^hsfru^pn crf^ ir )t er *v 
n£l EG^ is ac^n^iished with fA^^.cp^pu^d 9??^; 
; S left 3r^ -as ^e ex^u^^lye is 

V^ps'e^ the intake, 

1 ■ : : i toptfie^ 

: |^ engine. Since 

er, ^ej£r^ 
: peripd.from^ 

intake top dead center and, as a ^consequence, heat is 
; .< :si^cj this period when the tem- 

perature' in the cdmbustiori i charnber before the temper^ 
ature decreases due to subsequent pressure drop after 
-. s £ the. intake.iop dead, center. As the already combusted 
gases in a combustion chamber are cooled in this fash- 
ion, the effect of avoiding increases in combustion tern- 



perature and exhaust gas temperature is obtained as is 
the case with an external EGR system which re-intro- 
duces low-temperature exhaust gases. , , 
[00 1 2] The effect of progressive decreases in effec- 
5 tiye valve opening periods of the exhaust Valve and the 
♦ intake valve toward higher engine speeds is corrected 
by varying the valve timing, so that the same degree of 
internal EGR is obtained through the mediurn^ to high- , 
speed ranges in the medium- to high-load 

10 . engine. ./^''.'/yi'^y 

[0013] In the aforementioned invention, it is prefera- 
ble to set the opening point of the intake valve to a point 
a specific period after the intake top dead center within 
an earlier part of the intake stroke and a period during 
15 Which the intake (top; :dead ? c«rttw occurs and both the 
exhaust valve and the intake valve are dosed is provid- 
ed so that the pressure in the combustibn chamber grad- 
ually decreases after the intake top dead center at Jeast 
in the medium-speed range at least in the medium- to 
20 high-load regions of the engine. ^. v ;'./.^.:- 

10014] In this construction !'qt the invention, it is pref- 
erable tp make a crank angle period frqrti the intake top 
; dead center to a closing point of the . intate 
. than a crarik a;ngle pe 
. 25 - exhaust valve to the intake top dead cf hter, so that the 
pressure in the combustion chamber after the intake top 
dead center gradually decreases during a longer period : 
than the aWementipned specific period , diiring which 
the pressure in the combustion ^ in 
30 themedium^sbeedrangeatieastin 

; load regions of the i^enqi^;^^^ ~B$£0£h'X. 
"f '- |001 5) v^Accordirig to ^e 
of the engine of the jny^ 
, NOx ernissipTO ranges at ;. 

35 :least jh;N^ 
Mrriproveto^ 
..creasing '. combustion Ije 

. ! "; . ■ liability and c^ by prevent-. 

; ■ ing an increase in exhaust gas . temperature. The inven- 
) ~.:#6h\k:a\sQ.. useful for preventing knocking combustion k 
- arid reducing pumping lo^^ 
: [OOiq ^ln /the afprementloned inventipri, the dosing 
• point of trW e^aust valve can be defined as a point of 
transfer from ^ ehiacx^ierBtion^pii^on tp^ a constant : 
45 spepd ppftibh on rts^y and • 

' the opening ppint^ ; rf as 
a point of transfer frbrri a ;Cohsfent speed f>Prtion to an 
acroleratibn ; pp rtion oh; its. Va h/e ; .lift }c|iara^eristics : 

V '. *■ curve. huj}* ; r ? ' Wi-/^ : ^ \:-^0t^ : y^V^i\-.:^ 
jso 'i iP>01^ ^Preferab of 

the inventioh ^ 

for .detefminihg engine operating conditions 

engine Speed a^ 
capable of Varying ^ 
55 x least the exhaust valve, ana 4 a cpp^li^r^ich' control, 
the valve timing adjuster. in such a mariner that the'clos^ 
ihg point of the exhaust valve bc^rs after the Intake top 
dead center when the engine operating conditions de- 
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' r. : .... ■ ;., '. - ■ .' . s: ■ . 

terrnined by the operating condition identifier indicate high-speed ranges of the engine as described above, it 

that the engine is in ^ 



1 '" 



■ ' F '- 



. [001 8] In this construction, the amount of exhaust gas ihg knocking combustion. Thii^, both engine output per- 

recirculated by the internal EGR is decreased and the formance and fuel efficiency can be improved by in- 

. arpount b^^ so that suf- *' ^creajpirig the air-fuel rate 

" 'ratio 

/ [00^9] ;-\jn^ r : ; 

[0025]. These and other o 

v/hich Varies IhjB ya^^^p^hiQ'g and closing timing tages of the invehtfon will; become apparent upon 

; id reading the fpilbWi^ 

VtcTja ferahk^ *' with the i accompanying ■' v< 
S • [00 

:bf thf vgiy||' mlayrbje 

^ ' engine Jp^ an engine ibperat- 



ing range in vyh ts [0026] 



fe set 16 foe intake 
tp|^ FIGu 1 i$ a Schematic view \ 

•• limi^ of indmc^ *o ^repr es^ht^6|^nihg and dosing timing of intake and V J 

; and t^ V : / $ 

' •.•••.'Valve-llfl CUIve; vv>T-^::,^'V^ w .- >, • 



o ! ^exhaust lye ;^nB^e'b^h 



vare $ef Ip^pbim amri^ \ ^ ; PIG^4 ts^|i : 




iihventionis 



^tiie^o^rig 'v^;.*.i\ c : :V' 
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tion chamber 5 in each cylinder 2 immediately above a 
piston 4 which is fitted in a cylinder bore. An intake port 
7 and an exhaust port 8 opening into the combustion 
chamber 5 are opened and closed by an intake valve 9 
and an exhaust valve 10, respectively. 
[0029] the intake valve $ and the exhaust valve 10 
are caused to open and close by valve operating mech- 
anisms including cam shafts 11, 12, respectively. The; 
valve operating mechanisms for the intake valve 9 and 
the exhaust valve 1 0, are provided with respective valve 
timing-adjusters 13, 14 'for adjusting valve opening and 
closing timing. Provided between a cam pulley and a 
cam shaft which are interlocked with a crankshaft, these 
valve timing adjusters 1 3, 1 4 make it possible to adjust 
opening and closing points of the respective valves 9, 
1 0 by varying the phase of rotation of the cam shaft with 
respect to the crankshaft without altering valve open pe- 
riods. Neither a diagrammatic representation nor a de- 
scription of the detailed construction of these valve tim- 
ing adjusters 13, 14 is provided, because various kinds 
of such valve timing adjusters are known in the prior art. 
[0030] A spark plug 16 Is provided at an upper central 
position of the combustion chamber 5 with a far end of 
the spark plug 16 located inside the combustion cham- 
[, ber 5. Also, a far end of ah injector 18 is located inside; 
the rombustion chamber 5, as if sticking out from its 
side, whereby fuel is injected from the injector 1 8 directly 
jnto the combustion chambers. ; 
[0031] An intake passage 20 and an exhaust passage 
3.0 are connected to the engine bo^ cleaner 
21, an airflow sensbr 22, a throttle valve 23 and a surge 
tank 24 are disposed in this order in the intake passage 
. 20 from its upstream side to downstream side. Mechan- 
ically lin^ unillustrated accelerator pedal, the 
throttle valve 23 ^ is caMsed to open up to a point .corre- 
sponding to the amount of depression of this accelerator 
pedal. The throttle valve 23 is associated with a throttle 
opening sensor 25 for detecting the opening of the throt- 

:• tie valve 23lvt. ~ V-:* foV-^-x: '■■''■H .. 
;10pi21 UThe exhaust passage 30 is provided with an 
> D 2 sensor 31 for determining the air-fuel ratio by meas- 
uring the concentration of oxygen in exhaust gas as well 

* as a catalytic cbnyerter32 dispbsed downstream of the 
"i 6 2 senior 31 for cbriy^ gas. Although 

the^talytic^c^^ three- 
<way catalyst, it 'te.preffBr^e Jo : lm other type of catalyst 
l-yM$) ^ite^e^-tib^ii 'UpxiyBniiT^eribose con- 
tfrtjoris^ 

: chiometnc -air-fuel ratio to provide enhanced exhaust 
gas cleanincj ^performan^^enihe engine is run at a 

• high air-fuel ratio using sfratified charge. The present 
embodirnent employs a lean NQx catalyst which iab- 

• - sorbs NOx in the exhaust gas in an oxyjgen-nch atmos- 
\- phere and releases absorbed NOx and reduces it using 

reducing agents such as carbon monoxide (CO) present 
in the atmosphere when the oxygen concentration has 
decreased as a result of a decrease in the air-fuel ratio. 
[0033] Referring again to FIG. A, designated by the 



numeral 40 is an electronic control unit (ECU) for con- 
trolling the engine. The ECU 40 receives signals from 
the airflow sensor 22> the throttle opening sensor 25 and 
the 0 2 sensor 31, a crank angle signal used for deter- 
5 mining engine speed from a crank angle sensor 35, and 
a signal from a water temperature sensor 36. 
[0034] Also, the ECU 40 outputs a signal for cpntrol- 
. ling fuel injection to the injector 18 and signals for con- 
trolling valve timing to the valve timing adjusters 1 3, 14. 
10 [0035] The ECU 40 comprises an operating condition 
identifier 4.1 a valve timing controller 42 and a fuel in- 
jection controller 43. The operating condition identifier 
4 1 judges engine operating conditions based on the en- 
gine speed determined by measuring the period of the 
15 crank angle signal and engine load determined from the 
signals input from the airflow sensor 22 and the throttle 
opening sensor 25, for instance. 
[0036] The valve timing controller 42 sets and varies 
the opening and closing timing of the intake valve 9 and 
20 the exhaust valve 10 by controlling the valve timing ad- 
justers 13, 14 according to the engine operating condi- 
tion determined by the operating condition identifier 41 
as will be described later in detail 
[0037] The fuel injection controller 43 controls the 
25 amount of fuel injected from the injector 19 and hs in- 
jection timing according to the engine operating condi- 
tion determined by the operating condition identifier 41 . 
As an example, when the engine is in specrfic loweNoad 
operating ranges (i.e., rarige B or low-: to medium-speed 
30 ranges under loW- to mediunrHra conditions including 
the range B shown in FIG. 4), the fuel injection controller 
43 confrols the amount of injecte^^ the injection 

; timing in such a mariner that the air-fuel ratio becomes 
higher than the stoichiometric air-foe) ratio and a air-fuel 
35 mixture Would be b the spark 

plug 16, causing sfratrfied charge combustion, by inject- 
ing the fuel in a latter half of a compression stroke. When 
the engine is in other than the aforementioned specific 
lower-load operating ranges, on the other 
40 injection, controller 43 confrpis the amount of Injected 
fuel and the injection timing in such a manner that the 
air-fuel ratio becomes equal to or close to the stoichio- 
metric air-fuel ratio and the mixture would be dispersed 
: to produce uniform charge cbrnbustipn by injecting the 
.45 ■. 'fuel in •durfng'.an intake, sfrbke* ■",fi; 
[0038] . FIG, 2 shovys valve i lift curves repre^ 
opening and closing timing of the ^ innate yajye 9 and the 
exhaust valve Ipi In WW 

9 a nd ExV iriti icates the exhaust V^is lO. ^so, iriO and 
50. |nC indicate pj^nin^ 
vafoeVwhjieL^ 

points of the exhkust valve 10. Here; thei opening points 
InO, ExO of the irti^e yaW 

are each defined as a ppint of transfer ;from. a cpristant 
55 speed portion to an acceleration portion pn $ valve lift 
characteristics curv<e, while the closing points InC, ExC 
of the intake valve 9 and the exhaust valve 1 0 are each 
defined as' a point of transfer frorh the acceleration por- 



9 EP 1 233 151 B1 10 

tidri to another constant speed portion on the valve lift closing point InC of the intake valve 9 is set to about 80° 
characteristics curve (FIG. 3). after the bottom dead center (BDC) on the intake stroke 

[0D39] Referring to FIG: 2, the closing point ExC of and the opening point ExO of thb exhaust valve 10 is 
the exhaust valve 10 is located ahead of the intake top set to about 80° before the BDC on the intake stroke, 
dead center (TDC) as shown by a solid line when most 5 The valve timing adjusters 13, 14 of the present erhbod- 
advanced Within a variable range of the opening and iment shifts ihe closing pbih'MhC; of -the' intake valve 9 

. closing timing, and the closing point ExC of the exhaust corresponding to a change in its opening point InO and 

valve 10 is located after the intake TDC as shown by a shifts the opening point ExO of the exhaust valve 10 cor- 
brpken line when rnbst retarded. Likewise, the opening responding to a change in its closing £bint ExC while 

e 10 maintaihinjg the open periods of the Iht^ike valve 9 and 

- intake TOGas line when most ad- the exhaust valve 10 unchanged. : J ^ 

vahred^ [0043] In a i high-speed mediurivlpad range in which 

Jng timing, and ^ ' the engine speed is higher than in the aforementioned 

?1s )6c$t§d after Ihe iritdke3PQ as shown by a solid range A/there occurs a minus overlap but .its duration 
v " ■']' "line when m^ is is made shortert^ 

BcCofthee^ 

point jnO^fheiht^^ !'i>o]^ a range 

t : tHie^bi^ehn^ ^f20f;1^ 

Inxdntrasi, w^ t>f the exhaust - tihta^evajw 

, C : ;r va of Ihe 2b v ^ from the 

ihtak^'va^ * /v range A of the ex- 

• ^ere is ho overt F° r ^e ^ • /h 

:.:f. the intakevalve 9 is gradually advanc^;^ 

^ * ; - hiis overlap "is gradually reduced and a positive 0 qver- 

v'*vy* y:-the^ 25 la£e^ 

_ : '; load ^ 

• ;v- • : ; - . v V " ; ;: •'- \ • ; ib is s^t tb TOG^ e^gJ; about 10? 

• ; ahd 5Ar ^ ATDC/ahd the b^ehin 

" • ; ■ --i}^ to ^ • z is 6efcip^;^|ht; be^&^hfe intake TDfe^v within a 

V • • - ; ; r/ *: " " r ^ ^e^ ' 30 -jShgS^^ In FIG. *5E. 

.v'';;-^-;:-'; 1 :.;.;-*^ timing and :r \- to 

>::Jfy'^ : ?>\ ; \1Q if 

s " 

.J : r .<y^r. •<>/ i^dead centeirahd *afier#i&^ 

; ^; ^ i - ^ ^ . ■ "i W 

; -f:^ a hdit^ neigfi|OT 

:■■ : ? v ; ExC of the-exhaL^ r £ Sxampjes as 

-period ah^d of;&^ s> sho^ 

; : ./-v^;>v^v^ >V^0he^^ .to : 

V ." " r ^.;- 'VTj^^;i^^ " ; :f;^0?^T^&ai^d ^Q^pnihg^^ InO |# j^e ih^ke Va^ 

MSf:^^ the bi^n;^^:^ - ! •' d^ 

|^Mv"f s £^'* : -^^^ 20° or.mpine^^ : >'V=f6^ 

W^^tt ^ T *-*'!-. '^^PM Jl?? -^^Kf 3^^#5^f ^ ^^iy ;Wjthiri : e) . ra rip e ' Qf 3^ z • : # is ^clos^ b^ 

&p|Sf^V:; V^-ji^i^^jFp^fT^ ihe; ; pp^ •vr^- : -!pb1ht;^C'^ or more 

TOC, preferably.. ^ : (:befor^'^e .TD.C, '^re^i^-b^^thln • £ r0ng0 of 

-j?x ^^thin^ r^ a medium^speed -.V Vabput 5^ to 15 of the 

' ; '-i^^un^lpad' range '(Within ihe ra'nge A) as shown in ^^ntelce yajye 9 is set to a point after the intake TDC in 
f f? \ Iri the mejdiur^peed medium-load range, the r- such a rhahher that j^enpd 6jh frbm the intake TDC ta 
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the opening point InO of the intake valve 9 becomes 
larger than period GEx from the closing point ExC of the 
exhaustvalve 10 to the intakeTDG, preferably satisfying 
[Bin - GEx] ^ 5° , or such that the opening point InO of 
the intake valve 9 falls within a range of about 10° to 20° 
AT Dpi as depicted In FIG. 6 Ji is preferable that the pe- 
riod from the closing point ExC of the exhaust valve 1 0 
to the opening point InO of the intake valve 9 be 20° or 
more in the range B. 

[0047]" In the engine of the present embodiment thus 
constructed, the closing point ExC of the exhaust valve 
10 is set to a point a specific period (20° or more) ahead 
ofthe intake TDC and the opening point I nO of the intake 
valve 9 is set to a point after the intake TDC in the me- 
dium- to high-speed ranges at least under the mediurn- 
to high-load conditions of the engine. This arrangement 
of the embodiment confers such advantageous effects 
as a sufficient reduction in NOx emissions due to inter- 
nal EGfc enabling the use of a relatively large amount 
of residual exhaust gas, an improvement in fuel efficien- 
X by and prevehtion of an increase In exhaust gas tem- 
perature W an ^improvement in thermal effi- 
ciency due to sufficient cp combustr 
• ad exhau^ gas in the combustion chamber 5 by the in- 
temal EGF^ a reduction in pumping loss. and prevention 
of knocking^ •.-.•>•:/;;; ,0. $^r-\\-±y& 
io6^] /y in short, the interna! EGR is accomplished with 
; ^>the residual exhaust gas left in the combustion chamber 
X; 5 resulting jha reduction in NOx em^ if the closing 
i- ^ihi ^G of t^ point ahead 0 

} >[ of flie intake JDtX by as much as the aforementioned 
;^;;''$pecafip;pe.riod • 
£p"tp|^i':ii"jfiG in the .pom-. 

Cibustioh strode 
; . to ^rv earlier part pf\an intake ^ stroke pipcui^rig when the' 
k ^losing point Extt of the exhaust valve 10 is set to a point 

; ir]bd kdr^'^^b^inq point In6 of the intake valve 9 is 
> '. ^itoia^i Aj^rl^ intakeT0^ seenfrprn 
FIG: the pressure in the ^mbustion chamber 5 in- 
v prea^es from the.blpsi ng point ExC of the exhaust Valve 
flO tb the intake TDQ and decreases beyond the intake 
: v TDC. Geherally, the temperature increase with pres- 
^si^e increase^ ^WPP 
a^ribd^enthfe chamr 
ber^5 inicreasestas ^ 
k -amount bt :h&t;iil^p|ii^ : ^P surrounding walls of the ; 
: cpr^bustibircrT^ whose 
v iern^raturb Is Relatively joW incpipprating a water j acket 
ahda cylinder Walj>i^ 
rdifferehceJbetWee 

inbreases^ of the re- 

sidual exhaust gas left, in the conibustioh cha mber 5 is 
high at the closing point ExC of the exhaust valve 10, 
heat is sufficiently dissipated during a high-pressure pe- 
riod immediately after the closing, point ExC of the ex- 
haustvalve 10 and the temperature decreases due to 
subsequent pressure drop. The effect of cooling the an 



ready combusted exhaust gas is obtained in this fash- 
ion, whereby both combustion temperature and exhaust 
gas temperature decrease as is the case with ah exter- 
nal EGR system which re-introduces copied exhaust 
5 gas through an external EGR passage. ; x 

[0050] According to the embodiment, it is necessary 
that the opening point InO of the intake valve 9 be locat- 
ed at least after the intake TPC to ensure that the pres- 
sure in the combustion chamber 5 increases from the 
10 closing point ExC of the exhaust yalye l 6 to the intake 
TDC. If the intake valve 9 is opened at a relatively early 
point after the Intake TDC, .the preite^Jn^^^obrAij^ 9 
tipn chamber 5 rapidly drops down to iniake pressure at 
that point causing loss of heat-dissipating effect. In coh- 
15 trast, if the ppening point InO of the intake valve 9 is 
retarded, it is possible to provide a sufficient heat-dissi- 
pating period: Thus, the effect of decreasing the com- 
bustion temperature and exhaust gas temperature is ob- 
tained if the opening point InO of the intake valve 9 is 
20 retarded to such an extent that the period from the intake 
TDC to the opening point InO of the intake valve 9 be- 
comes longerthanthe period from the closing point ExC 
of the exhaust valve 10 to the intake TDCv for example. 
In addition, the effect of reducing pumping loss by re- 
25 tarding the opening point InO of the intake varve 9 in this 
way as will be described later in detail, 
[0051] The thermal efficiehcy is improved by the de- 
crease in combustion temperature, a nd the fuel efficien- 
cy is improved due to a combined effect of the improve- 
30 rrient in dermal efficiency and th^ 
loss. Furthenrore, the de^ 

ature prevents an increase in the temperafure of the cat- 
alytic converter il, leading to improvements in the relir 
ability/and ^durability ^ 32, and 

35 : the decrease in cbmbustipn ternppra^^ the 

r r effect of preventing knocking in highpHpad ranges. 

I ; {0052] In addition, since both the intake valve 9 and 
' r the exhaust valve 1 0 are closed at the intake TDC if the 
; : v internal EGR is acOTmpI jshed by fee N overlap, It 

40 is not necessary to form a depp recess in a top surface 
of the piston 4 unlike thei case of the earlier-mentioned 
conventional internal EGR accomplished by the "posi- 
tive" overlap; ' : -v 

. : ^yl00 over- 

•'45. •.. lap approach^ decrease? in effective yalye ppening pe- 

; • 'n IP w" tn 

jan increps^n-t^ 
• same effect as incrpash 
;:\fbre possible to;syfR^e 
5d culatipn pf the exhaust gias by jthe Injente! £GB arid clp- 
: creases in 

temperature even if the mirBs^byerJaf): is decreased in 
the high-speed range compared to t]^ 
range. Accordingly, the closing point ExC pf the exhaust 
55 valve 10 is set within a range of 30^ td 49° BT bC andl^ 
the opening point InO of the intake valye S is set within 
a range of 35° to 45° ATDC in the medium-speed me- 
dium-load range as shown in F|Gi 5B to increase the 
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•'.*'*■ »".■• * 

riiirius overlap, While the closing point ExC of the ex- hot cause a substantial loss of combustion stability. Al- 

haust valve 10 is set within a rangb of 20° to 30° BTDC so, since the opening point Ihb of the intake yalve 9 is 

and the opening point In 6 of the ^intake valve 9 is set set to a point afterthe intake TDC such that the period 

within a range of 25° to 35 6 ATDG in the high-speed me^ Gin from the Intake TDd to the opening point InO of the 
dium-lpad range ass 5 intake va (ye* 9 becomes larger than the period 6Ex from 

^' - ; overlap sma the closing point ExC of the exhaust valve MO to the in- 

range, for example^ thereby Avoiding recirculation of ah take TDC by about 5° or more in the range B, it is pps- 

V ^;excessiye ,! arnount .of exhaust £)as s by the Internal EGR sible to obtain a sufficient effect bf reducing pumping 

; ';Y and ensuring iehgih^ output while Obtaining the afore- loss.!; 

? " ' • .^fr^ehSprte^,;B^d^/.''\? "; ■'/;•'•:> '? yj/-;'^-:- ■■■■ r 7: o io [0058] NbW;th 

•.Vv';?.^ :;.;>" -Vjroo^ engine/the ; scribed with reference tb/FIGjT. if the intake valve & is . 

'■''•'\- r . '-closing closed before; the intake TDC, the ihterhalp^ssure of 
l6 b ^DpV increases from a level 

V ! r&^ourif -0f ekh&^ fcoiresj^ exhaust gas pressure, begins to 

I '.'/f;'"' ' \f toi^ . : : j ^ ^ differ- 

r. v.; /> \r [Qp5^ %o^fe^ pi^sfu^Uhtil the intake TDC 

advaKosd ihtKe m^ *-y '< : = js- f eached 'and W after th6 intake 

vv ^ 5 ; 3n;j^1^ befbrf 

■ ' * . :: V v V Bpe^J 'maxi^ to a point after the 1 f -^gr^^jnl. after She Infe fo^TOC t^gij lf the period froni 

: ^v^v:^ lih/ib ^fc trW ^talte 

r *.: ; •;:; t^f^j^%^^jS&pt a l^i^^ch^nes ^e vahte "op£tt< 25 pumping loss ihcreasies du4 to ah increase in ' 

v : ■ ^;ihg ari^ open peflr"= : .f : the^a^emerrtiphed internal pressure difference as the 

r - cham 

■■ •• "ir * loss /by 'in-' 

e^°/ ; ^h1gh-s^d rah!^ ^^ambtihy area iri fel!GL7 -v /«* ', 

.W.-:; r.-r >~^/^ntaW 

•" h -Syv wfieR the Speh peiiod pf Wie Make .Vatve^ is made fel^^ eHerally In trie sanSe fashion as 

v 5 j^.o-^i"*. : ^tively sh ^r;f^;4n^e,;med^ In .jth6;lpv^' 

^i^^ ^ lot^lceHW ^hote^i Ko^w ih^osihg'boiht ExC of itie 

>v ^^B^S ! ?TDG1rv4r^ high^#e35rn^rptirn range so thal^fte r^H^'Igx^ ^ajp" :;jlbt 

?ifS^ii^amo^^ 

il^^^^ii^eefe^s^^li^ 

^^M^ilrlg^ilrVi^ 

^f^^^5^^s|ftSSpo^ 

|#|^/|f|^y|^^^ ; ^ r" :\ ^iinsjs^s ^n^e^^'^u^spjii^d ^xlmuj^ipa^;^ 

^?fl^ is : ;$ef tp^ri/ ; <^- ; S^06^:^ 

i:S?#^|^ k fi/?^ employing a . tUr- 

an : • fepcharg^r^p in a^ same structure 

^N-'-ft amdurit of exhaUst gaVby the; Ihlemal EGR in ftG. 1. the turbo- 
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charger 50. includes a compressor 51 provided in the 
intake passage 20, a turbine 52 provided in the exhaust 
passage 30 arid a shaft 53 interconnecting the compres- 
sor 51 and the turbine 52. As the turbine 52 is rotated 
by exhaust gas fioW, the compressor 51 interlocked with 
turbine 52 rotates, thereby producing a high charging 
air pressure. In FIG. 8, designated by the numeral 55 is 
an intercpoler provided in the intake passage 20 down- 
stream of the compressor 51 , designated by the numer- 
al 56 is a wastegate. passage for bypassing the turbine 
52 in the exhaust passage 30, and designated by the 
, numeral 57 is a wastegate valve provided in the waste- 
gate passage 56.. V ; 

[0061] In this engine having the turbocharger 50, the 
opening and dosing timing of the intake valve 9 and the 
_ exhaust valve 1 0 is controlled in a manner similar to the , 
.first embodiment iri the medium-load (to higher-load) 
andlow-Jbad ranges (Fl6s. 5A-5C and 6) with the dos- 
ing point ExC of the exhaust valve 1 0 set to a point be- 
fore the intake JDC and the opening point I riO of the 
intake valve 9 set to a point after the^ intake TDC in the 
medium- to high-speejd medium^oad ranges. Also in the 
rr^diunv to highrspeed maximum-load ranges* the clos- 
ing point ExC of the exhaiist valve iO is set to a point 
>; before the intake TDC and the opening point InO of the 
' intake valve 9 is set to a point after toe intake TDC as 
i- f ; shown in FIGS. 9A and 9B. For example, the dosing 
v point ExC of the exhaust valve 1 0 is set within a range 
^:of 15* l to'30i^.SlP!p.^nd the opening point InO of the 
intake valve 9 is set within a range of 20 6 to 25° ATDC 
M'^-'fii^MiTMpeed maximum-lQad range, and the 
ivki-'-c^Slng i^lntl^Hicp' Qt the exhaust valve 10 is set within 
^ a rahge of 1 6° tb 15 6 ; BTDC and the :op en i n 9 point InO 
^ range of 15° to 20° 

: ^AtpC Jn thejhijgh^peed ma^mur^ioad range as shown 
jp£f^^ ■ ■ ' 

|0 : ip^^^irte\^ hj^c^^jT^fMr: 43 ■ gm^I;b ; the. 
^amount of injected fuel in such a manner that the air- 
^ to or larger than the stolchio- 

^ metric air-fuel ratio (excess-air factor Xlkl) not only in 
the low-speed and low- to medium-load ranges but also 
in the medium- to high-speed maximum-load ranges. . 
/.V v [0063] % In this '^MI^nM^^. cjosing point ExC of 
', : the exhaust valy^ 10 is §et to a point before the intake 
ItSG ^nd the ojpening pfqint InO btihb intake valve 9 is 
; i s^ tb a ppiniafterithe jri^ke TP&sp that the internal 
:^EGR iC^ In NOx 

^ emissibris, the already^ cbmbusted /exhaust gas is 
^o06!^ jhtbmal EGlFt ayoiidihgjncreases in 

: combiistipn temp^ratum exhaust gas temperature, 
.^tfi^^ I efficiefV^ is \mprwf#. and knocking is avoided 
even in the mfedium- to high-speed maximum-load rang- 



lowing exhaust energy to escape through a wastegate 
valve for the prevention of knocking in the maximum- 
load range and . ranges close to the maximum-load 
range. In this embodiment, it is possible to efficiently ob- 
5 tain maximum-load torque in these ranges by redudng 
the opening of the wastegate valve 57 and thereby in- 
creasing the boost pressure by use of the exhaust en- 
ergy which has conventionally been disposed of. Fur- 
thermore; since the effect of preventing knocking com- 
10 . bustion is achieved by use of the aforementioned minus 
. ■ overlap, it becomes possible to increase the boost pres- 
sure beyond th$ extent to which the decrease in engine 
output caused by the ' internal EG R is compensated for 
and to increase the maximum-load torque. 
15 {0066] Furthermore, since the effect of preventing 
knocking combustion is obtained even in the maximum- 
load, range due to the minus overlap as described 
, above, it is not necessary to enrich the mixture for pre- 
venting the # knocking combustion but it is only needed 
20 to make the air-fuel ratio equal to or larger than the sto-. 
ichiometric air-fuel ratio in the maximum-load 

range. While the knocking % ^ is avoided due 

to the minus overlap in the maximum-load range asstat- 
, . ; ed above, a sufficient amount of fresh air is drawn in by 
25 turbocharging and the amount of injected fuel is control- 
led according to the amount of fresh air so that the air- 
t fuel ratio matches the stoichiometric air-fuel ratio. As a 
/result, both engine output performance and fuel efficien- 

: : . . by are improved. , ^vW-'Cr^ls^ir^^^-V- 1 -. 
30 [0 067] According to the invention, the valve timing ad- 
juster is not limited to the jrype described in the foregoing 
embodliments but rnay be W 

varying the opening and closing timing of an intake or 
exhaust valve. The invention is also applicable to a valve 
35 actuator which is not provided with - a cam shaft 



es. 



[0064] Moreover, it.is possible tp obtain maximum- 
load torque because turbpqharging makes up for a de- 
crease in engine output caused by the internal EGR. 
[0065] Conventionally, accumulation of an excessive 
boost pressure due to turbocharging is prevented by al- 



Claims 

4<? i. An. automotive ^ fpur-cycle. engine; whose p 

,. . c\e has four strokes including /intake, compression, 
expansion and exhaust strokes, each stroke being 
definled as a mbyemerit of a piston (4) in a single 
: dirbctibn between a top dead cehier and a bottom 
,45-(. - v dead c^nter^^ 

; valve (10) is; set to a point in a i^^r part ^o^ ex- 
haust stroke a spepific;^p^ 
^de^^nterby^ 
take .s^ke isybh t 
5Q ; left in !e/combu^ 

; pdntot^n intal^V^^ 

;inteke^bp;<ie?d pr^sure In ; tr)e \; 

corhbustioncham 

: period from t^ja^ 
55 the intake tbp^deafl ;ceht^ 

high-speed ranges at least Iri .^edunrv-; to h|gh-l bad 
regions of the engine excluding fts rn^kimUrWoad 
region, . •X: : :,: / .*\A-:- -v"-5 . 
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chara cterized by 

an operating condition identifier for judging ah en- 
gine operating condition based oh an engine speed 
and an engine load; 

'•a' 



an operating, condition identifier for judging an 
engine operating condition based on engine 
speed arid engine load; 
a 



i ■ 



or the intake valve; and 

. :. : 'a 
justerto adj 



(1.0); and 
a 

juster In such a manner that the closing point. 



10 



a manner that the period .from the closing point of 
the exhaust ya^ point pf 'the 

intake valve {9), during which the intake tbp dead 
center ; ccc0fsi: becomes longer in the rriediprri- 
speSiii rartge-thah i^n in lihie 

' medium^ to ; h igMoad regions of t^ 



top dead center When: the engine Operating 
condition dete'itnliiSd'\b^ the operating cohdi- 



; maximum-load region. 



15 6. 



"< '• 



V : • 



the engine operating ;TOndttibhj^e1e'Mh/ed by the 
' Voperafing cph^ 

: gihe W'&f leasij in tfie^rr^iu^ 

2. "•■ afflbmottve ;^ 

^^■ r yaim^ : 



one of claims 1 * : Sj characieirized Sn that the.yalvb 



26 



timing by varying the 'jphas^ &f ro^flon pf ? cam 
^aft wftri respect to a crankshaft withbut altering a; 
va<ye:bpeh i penbd. ' 



7; 



thelritake ValVe (9) is set taa ^ihf £ specific period 



one of claims 1— 6, : characrtenzed in lih at the dps- 



of, the M 

flritej^to^ exHaiiist; T 

^ai^(ICi) andiheiritek^ 



tardMa? tjhe 
: ^ribrig^epj 



arri^v-;{^'? ; : ; 

^tX^ gradually 



in 



30 



y J^ f^ region^ of the oi> : 

..- • '...- r -hi ^•A' ••;••:-•!«..»'- .? .VVi:.-. i-v tsv.'-,.- W »-:^ *-*V fi". %V— i'.LV". •.: • . • ' ^ r ••• V ■ 



3;^^^elai^br^ 

i ciaim 1 Or 2/cHafa WeH^d in that a Crank angle; 35 



i • W-T J- 



;^ : ^;1ri' the ipaxIrnLirh^^ fa^^fUp^-^^f^^ : : ■ .:■ :'• 

& 1^ according to^riy. . 

/one of clalrns 1 ^T^^iTBicterafed 5h/that the valve , 

;^-t^ v 
r vai^rig^the^ of the ei- 

^ ;:vHausi^ both 



» 



; ^/^enbd frorn the in^ 
: . • ^pppnt trif the iritak^ Vplye ^(S^ is Triade; lqrigpr3B?n S 
\ ' wank arigje/pbnod tr^^ 



olp^iri^/pbihtf of 



. '-; v " ■ ' r ; ;pq»^ center i n. the Vmaxir: v 

' V'HSust Valye3(1 0J fo^S;1rti2^3o^^ t?!nig6 of tt^e erH 

"^v^E? ^ -= s ' -.xvj rib ^iclil^lbressural chatriDlef ' ^ : ^ ^ brie 





air-fuel ratib Is made equal 40 .pf larger ^ah;thb stb- 



55 



5. ; the automotive, fburncycfe ^ ^ngirie According to any 
one pf blairhs 1 [ - 4, cbmprisih^r * 



ichibrrietric airVfuel ratio irf- the maxiniurfi-load rfe- 
giphlntfie 
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Patentanspruche 



Viertakt-Brennkraftmaschine fur Kraftfahrzeug, de- 

[ten Arbeitszyklus vier HubeeinschlieBlich eines 
Ansaug-, Verdichtungs-; Expansions- und Auspuff- 
hubs umfaBt, wobei jeder Hub als einfachgerichtete 
Bewegung eines Kplbens (4) zwischen einem obe- 
ren Tptpunkt und einem unteren Totpunkt defihiert 
wird, wobei mindestens im mittleren bis hohen 
Drehzahlbereich mindestens i/n mittleren bis hohen 
Lastbereich; des Motore seines 
Hochstlastbereichs, ein SchlieBpunkt eines Abgas- 
ventils (10) auf einen Punkt in eipem spateren Ab- 
schnitt des AuspufFhubs eine spezifisphe Periode 
vor dem oberen Ansaug-Totpunkt zwischen dem 
Auspuffhub und dem Ansaughub eingestellt ist, so 
daB bereits verbrannte Gase im Brennraum (5) blei- 
ben, und ein 6frhungspun1<t eines Ansaugventils (9) 

... auf einen Punkt nach dem oberen Ansaug-Totpunkt 
eingestellt ist, so daB der Druck im Brennraum (5) 
wShrend einer spezifischen Periode vom spateren 

••: •Afeschnittdes Auspufm^ 

. Tptpunkt zunirnmt^ - • ; J: v; 

: l ein^ri (Betriebsiusla^ zur Beurteilung 

• eines Betriebszustands des Motors auf der Basis 
; ^irier Mclordre^ 

yf : eihen Ventilsteuerz0ite zurri Variieren der 

OfrnUngs-r und ^ SchlieBzeiten mindestens des Aus- 
; pufiyentils (10) c>der des Ansaugventils; und \ 

• eine SteUerung^ die ; den yentilsteuerzeitenregler 
: steUert, u -schiieBzeiten 
i den Betriebsbetf ^ entspre- 

chehdT so zu ? regeln' daB • im mittleren bis hohen 
Lastbe^ Periode vom 

! SchlieBpun (i °) bis zum Off- 

nulngspwn^ (9), wahrend wek 

: :C hef der ptere An^^ im mittle- 

■ ren Drehzahlbereich langer wird als ;jm hohen Preh- 
: zahlbereich, -wenn der ypm Betriebszustandsidenr 
Jifili^ofbesfirTvhte Betrtebteu?tand des Motors an- 
zeigt, dan der Motor rriindestensim mittleren Nsho- 
' 'hen Lastbereich ; Vfe^*" .. i'<* 
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3. Viertakt-Brennkraftmaschine fur Kraftfahrzeug 
nach Anspruch 1 oder.2, dadurch gekennzeich- 
net, daB eine Kurbelwinkelperipde vom oberen An- 
saug-Totpunkt bis zu einem SchlieBpunkt des An- 
saugventils (9) langer gemacht wird als eine Kur- 
belwinkelperiode vom SchlieBpunkt des Abgasven- 
tils (10) bis zum oberen Ansaug-Totpunkt, so daB 
im mittleren Drehzahlbereich mindestens im mittle- 
ren bis hohen Lastbereich des Motors der Druck im 
Brennraum (5) nach dem oberen Ansaug-Totpunkt 
wahrend einer Periode, die langer ist als die spezi- 
fisphe Periode, wahrend welcher der Druck im 
Brennraum (5) zunimmt, allmahlich abnimmt. 

4. Viertakt-Brennkraftmaschine fur Kraftfahrzeug 
nach einem der Anspruche 1 r 3, dadurch gekeron- 
zeichnet, daB der SchlieBpunkt des Abgasventils 
(10) auf seiner Ventilhubkurve als ein Obergangs- 
punkt von einem Beschleunigungsabschhrtt zu ei- 
nem Abschnitt mit konstanter^ 

finiert wird, und der 6ffnungspunkt des Ansaugven- 
tils (9) auf seiner Ventilhubkurve als ein Obergangs- 
! punkt von einem Abschnitt mit : konstanter Ge- 
schwindigkeit zu einem Beschjeunigungsabschnitt 
definiert wird. 



30. 
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Z. Viertakt-Brehnkraftr^ )}. fQr Kraftfahrzeug 
nach Ansprtich 1 , dadurch gekennzeichnet, c8aB 

^:'*-;,^er Oftnu^ e $ eT * 
Piinld einfe $j^zj oberen 

i Ans'aug-Tbtp^ 

i :■; sqhnjtte; d^^^i^h^ 
;P0ficdevbrgesehe^ 

Ansaug^tpuhkt a^riti (und spwohl das Abgas- 
■ ' .'■ ventil (10) als BUcH das Ansaugyentil (9) geschlos- 
sensind, so da B mindestens im mittier^ Drehzahi-i 
bereich mindestens Jm mittleren bis hohen Lastbe^ 
reich des Motors derp (5) niach 

• dem oberen Ansaug-Totpunkt aiimahlich abnimmt. : 



45 



.i . . . 



Viertakt-Brennkraftmaschine fur Kraftfahrzeug 
nach einem der Anspruche 1 - .4, umfassend: 

einen Betriebszustahdsidentifikator zur Beur- 
teilung eines ,Betriebszustands des Motors auf 
der Basis einer Motordrehzahl und einer Motor- 



4 . I 



einen Ventitsteuerzeiterirpgt^ 

der Offnungs-. und SchlieBzeiten mindestens 

des ^spuffventils (10); lihd , 

eine Steuerung, die den yentilsteuerzeitenreg- 
ler so steuert, daB der SchlieBpunkt des Abgas- 1 
ventils (10) nach dem oberen Ansaug-Totpunkt 
auftritt, wenn der yom feetriebszustandsidenti- 
fikatbr bestimmte Betriebszustahd des Motors 
anzeigti daB der Motor im Hochstiastbereich 



6. 



50 



55 



Viertal^^ehnkra^ Kraftfahrzeug 
nach einern; deiry^^it|^e ; 1 - 5, dadurch gekepn- 
zeichnet, jdaii der N^tiiste^ 
lilo^rl^r^si .Und ^scWipBzelte^^ indem: er die 
: Drehpha>e einer Npcfeiweile relatr^ einer XUr^ 
belweile: variiert, phne eine yehtiiafThuhgspe^ 
zu anderri;;'^'"- - >/'* : '->V^v:.' : -; -..v : . - 7; • 



7. Vtertakt^Brenhkra^ Kraftfahrzeug 
. hach einem der Anspruche 1- 6, dadurch gekenri- 
zeichnet, daB der SchlieBpunkt des Abgasventils 
(1 0) allmihlich yerzogert wird, wenn sich die Motor- 
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; *« last vqh der in eihem Betriebsbereich des Motors, course d'echappemeht jusqu'au point mort haut 

in welchemderSchiielSpiM d'admission, a u mpins dans des plages de vitesse 

auf den Puhkt die s pezifische Periode vor dem bbe- moyenne a elevee au mbiris dans des zones de 

. Ten Ahsagg-Totpunkteingesteltt moyenne a forte charge du moteur en excluant sa 

■ • • 1astb^ . r f 5 zone de charge maximale, - . /! v 

■■ 'v-' -.^Vr'y-v;*, : £\ ' r . .-. * •■ •••• caracterise par ■ ' . 

8. VlertaW fur Kraftfahrzeug uh "idehtificateiif tie .condition d'explohation pour 

nach einem der Ansprpche 1 -7, dadurch gekenh- evaiuer une condition d'explbitation sur la base de 

: . f V zeibhnet, daB der Yeritilste^ la vitesse du moteur et de ta charge d 

'* ■ ;Typ^ Offnungs- und io * uri fegleur de/reglage des soupa pes pour modifier 

f ScWieRzeiten des;^bgasVentiis (10) und Ansaug- ia sync^rbhisation de rbuv^rture et de la fermetufe. 

vehtils (9) eirizein zu variieren, urid im .Hpchsttesfc' ' ! * ; •• • au rriblns ; de la spupape d'ech^pfSement (10) oil de 

, : beri^ch im Hohen.breh^ la soupape d'adrnlssiorv, - : - • v V.>; . 

; !^ohi d^ - 

■ '; ^ • ■ a; auch der Sf^u^ la synchro- 

: ; fiisatfOT la fermeture de la soii-. 

■:j}'/ : :' Y''^>- : \ : ' • eii^es^eili T^^fr^^^flZ , ' V: -;¥':- v :• du 

■■; 5VV ;; . ; - ' J " : " * i ! ;: ; • (' : "7. f?? .^T^f ^l^^^in^n^!^' * * ''. 

. ^ ; ^ Knalfehrzeu^ 

;; : - ; ^ soiipape cfacf- 

^ send^ineH im H5chstj^^ ^ 

; ;"' '^^ ^ v v d'ad 

- r; ' ^ ^ Moipre^ des Abgas- / vitesse m^nn6 que dans la plage de vitesse ele- 

v ; n ■ bbereh 4^ ^ ; ^ ye^ ^ar^le^ 3^ 

■; : "":vft? ■ :; " v -}!-' V ■ v • ' i " v '- : .^-^et^TOiTOe par ndentificateur de fa .'• 

>; :>v " ; ^ n v':^ charge.? f ^ v ^ 

ini Hpchs«ast|^^#;v^ le point ' :; - 

i> : = : f >: xf0i^;inlM e3t j^gl6r 

r^.#^y^^ ^r^^f^;^ ■ : V Vi^c^^s^adriiis^ 

v^'v,\:y^\ ^b^^hlB' " rhbyehne \ & forte cha rro du moteur. v V ' • 

so k--;::.^ dUpbint de^fer^ v 

^S^^^^ ;^0M^:.^-i^ '$ ; ^^aut^d^m^ 

ladite periode 

^f^?^#^r^^^ dans la 

'.ir^0'--\ - siori ^ahs^fe augmeote - ; rchambre d^xif^ 

?^ ? ^7*V pendant line p6riode specifique depuis la fin de ia : vitesse moyenne aii mbins dans l^s. zones de 
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moyenne a forte charge du moteur. 

L Moteur a quatre temps pour vehicule selon Tune 
quelconque des revendications 1 a 3, caracterise 
en ce que le point de fermeture de la soupape 
d'echappement (1 0) est defini comme etant un point 
de transition entre une partie d'acceleration vers 
une partie de Vitesse constante de sa courbe carac- 
teristique de levee de la soupape (9), et en ce que 
le point d'ouveriure de la soupape d'admission est 
defini comme 

etant un point de transition d'une partie a Vitesse 
constante vers une partie d'acceleration de sa cour- 
be caracteristique de levee de la soupape. 

5. Moteur a quatre temps pour vehicule selon I'une 
quelconque des revendications 1 a 4, comprenant : 

. ■ . ■ * 

un identificateur de condition d'exploitation 
pour evaluer une condition Sexploitation du 
moteur sur la base de la Vitesse du moteur et 
de la charge du moteur ; 

un regleur de reglage des soupapes pour mo- 
difier ia synchronisation de rouverture et de la 
fermeture au moins de la soupape d'echappe- 
ment (10); et 

un mecanisme regulateur qui commande le re- 
gleur de reglage des soupapes de maniere a 
ce que le point de fermeture de la soupape 
d'echappement ( 1 0) ait lieu apres le point mort 
haut d'admission lorsque la condition d'exploi- 
tation du moteur determined par I'identificateur : 
de la condition d'expipitation indique que le mo- 
teur est dans la zone 1 de charge maximale. 

6. Moteur a quatre temps pour vehicule selon Tune 
1 quelconque des revendications. 1 a 5, caracterisi 

en ce que le regleur de reglage des soupapes mo- 
difie la synchrpnisatiori de rouverture et de la fer- 
meture des soupapes en modifiant la phase de ro- 
. tatibh d'un arbre a cames en fonction o"un vilebre- 
quin, sans mbdifier une periode d'quverture de sou- 
pape. '■' \ ■ : ". ' • J.- '• : ' • - • : . 

7. Moteur a quatre temps pour vehicule : selon ruhe 
quelconque des revendications 1 a 6, caracterise 
en ce que le point de fermeture de la soupape 
d'echappement (10) est progressivernent retard§ 
lorsque la charge du moteur se rapproche de telle 
dans une plage Sexploitation du moteur dans la- 
quelle le point de fermeture de ia soupape d'echap- 
pement (10) est regie au point de la periode speci- 
fique avant le point mort haut d'admission a celle 
dans la zone de charge maximale. 

8. Moteur a quatre temps pour vehicule selon I'une 
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quelconque des revendications 1 a 7, caracterise 
en ce que le regleur de reglage des soupapes est 
d'un genre capable de modifier individuellement la 
synchronisation de I'ouverture et de la fermeture de 
la soupape d'echappement (10) et de la soupape 
d'admission (9), et en ce que le point de fermeture 
de la soupape d'echappement (10) et le point 
d'ouverture de la soupape d'admission (9) sont 
fixes a un point apres le point mort haut d'admission 
dans la zone de charge maximale dans la plage de 
vitesse elevee du moteur. 

9. Moteur a quatre temps pour vehicule selon I'une 
quelconque des revendications 1 a 8, comprenant 
par ailleurs un turbocompresseur a suraii mentation 
(50), pour lequel au moins le point de fermeture de 
la soupape d'echappement (10) est regie a un point 
avant le point mort haut d'admission dans la zone 
de charge maximale dans les plages de vitesse 
moyenne a elevee du moteur. 

1 0- Moteur a quatre temps pour vehicule selon Tune 
quelconque des revendications 1a 9, comprenant 
par ailleurs un mecanisme regulateur du rapport air- 
carburant pour reguler le rapport air-carburant cPun 
melange dans ia chambre d'expiosion (5), oD le rap- 
port air-carburant est rendu egai pu superieur au 
rapport stoechiometrique air-carburant dans la z;o- 
ne de charge maximale dans les plages de vitesse 
moyenne a elevee du moteur. 
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